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REMARKS 

Applicants submit that by the present Amendment and Remarks, this application is placed in 
clear condition for immediate allowance. At the least, the present Amendment obviates issues 
generated by the Examiner under the second paragraph of 35 U.S.C. § 1 12, thereby placing this 
application in better condition for Appeal. Moreover, the present Amendment merely addresses 
formalistic issues in claims 1, 2 and 9 and, hence, does not introduce any new matter or raise any 
new issue for that matter. Accordingly, entry of the present Amendment and Remarks, and 
favorable consideration, are solicited pursuant to the provisions of 37 C.F.R. §1.116. 

Clarification of the record 

Under the caption "Response to Arguments" appearing at page 5 of the September 14, 2004 
Office Action, the Examiner asserted that Exhibits A and B were not of record. Applicants' record 
reveals that the Exhibits A and B were in fact submitted to the U.S. Patent and Trademark Office 
with the responsive Amendment originally submitted on July 27, 2004. However, Exhibits A and B 
were not appended to the revised Amendment correcting formalistic oversights submitted in 
response to the Notice of Non-Compliant Amendment on August 1 9, 2004. 

At any rate, for the Examiner's convenience, copies of Exhibits A and B are appended 

hereto. 

Applicants further note the Examiner held claims 1 through 5 withdrawn from consideration 
pursuant to 37 C.F.R. § 1.142(b). 

However, the Examiner did in fact examine claims 1 through 5, indeed claims 1 through 9 
for that matter. 
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Claims 1 through 9 were rejected under the second paragraph of 35 U.S.C. § 112. 
In the statement of the rejection the Examiner identified various formalistic issues. This 
rejection is traversed. 

Applicants would again submit that one having ordinary skill in the art would have no 
difficulty understanding the scope of the claimed invention, particularly when reasonably 
interpreted in light of and consistent with the written description of the specification, which is the 
judicial standard. Miles Laboratories, Inc. v. Shandon, Inc., 997F2d870, 27 USPQ2dll23 (Fed 
Or. 1993). However, to further expedite prosecution, claims 1, 2 and 9 have been amended to 
address particular formalistic issues raised by the Examiner, thereby overcoming these bases for the 
imposed rejection. 

The Examiner also raised issues with respect to the marking point, as in the penultimate full 
paragraph on page 2 of the September 14, 2004 Office Action, lines 1 and 2 on page 3 thereof, and 
in the second and third full paragraphs on page 3 thereof. In response Applicants would again refer 
to Exhibit B and to page 15 of the written description of the specification, line 4, through page 17, 
line 4. Clearly, one having ordinary skill in the art would have understood from the disclosure that 
dummy rods are employed. Each dummy rod is connected to a respective end of the optical fiber 
preform. There is a marking point on each dummy rod. So therefore, the optical fiber having two 
dummy rods has two marking points. 

As one having ordinary skill in the art would also have recognized, there is no actual 
physical marking point, such as printed matter or a score mark. Rather, as one having ordinary skill 
in the art would have understood, the marking point is virtual and employed to define a position to 
specify the area for forming a soot body. As one having ordinary skill in the art would have 
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understood, each marking point denotes an outer position wherein the supply of glass raw material 
is stopped or the relative moving direction of the glass material burners are switched. Again, the 
Examiner's attention is invited to Exhibit B hereto and to page 15 of the written description of the 
specification, line 4 through page 17, line 4. 

Based upon the foregoing Applicants submit that one having ordinary skill in the art would 
have no difficulty understanding the scope of any of the claims, particularly when reasonably 
interpreted in light of and consistent with the written description of the specification which, of 
course, is the judicial standard. Miles Laboratories, Inc. v. Shandon, Inc., supra. Applicants, 
therefore, submit that the imposed rejection of claims 1 through 9 under the second paragraph of 35 
U.S.C. § 1 12 is not viable and, hence, solicit withdrawal thereof. 

Claims 1 through 4 and 6 through 8 were rejected under 35 U.S.C. § 103 for 
obviousness predicated upon Fujikura. 

This rejection is traversed. 

Specifically, Applicants submit that the Examiner's interpretation of the claimed 
intervention to read on Fujikura is not legally viable. While claims are given the broadest 
reasonable interpretation, that interpretation must be through the eyes of one having ordinary 
skill in the art in light of and consistent with the written description of the specification. On 

that issue the Examiner's attention is invited to Dayco Products, Inc. v. Total Containment, Inc., 258 
F.3d 131 7, 59 USPQ2d 1489 (EC. 2001); Atmel Corp. v. Information Storage Devices, Inc., 198 
F.3d 1374, 53 USPQ2d 1225 (Fed Cir. 1999); In re Cortright, 165 F.3dl353, 49 USPQ2d 1464 
(Fed Cir. 1999); In re Morris, 127 F.3d 1048, 44 USPQ2d 1023 (Fed. Cir. 1997); Tow Co. v. White 
Consolidated Industries, Inc. 199 F2d 1295, 53 USPQ2d 1065 (Fed. Cir. 1999). 
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As one having ordinary skill in the art would have understood, Fujikura neither discloses nor 
suggests employing marking points to specify the area for forming a soot body. Fujikura merely 
discloses a method comprising increasing or decreasing the amount of supplied glass raw material at 
both ends of a transverse range with respect to a diameter of the dummy rod. According to 
Fujikura, the transverse range is set at a length of the target rod 1 . 

In contradistinction to the methodology of Fujikura, in accordance with the present 
invention, the transverse range is changed with respect to a target outside diameter of the soot body 
- not the dummy rod as disclosed by Fujikura. Accordingly, it is inconceivable that one having 
ordinary skill in the art would somehow have arrived at the claimed invention based upon the 
teachings of Fujikura. 

There-is no apparent factual basis upon which the predicate inclusion of one having ordinary 
skill in the art would somehow have been led to modify the methodology and apparatus disclosed 
by Fujikura et al. to arrive at the claimed inventions. In re Lee, 237 E3d 1338, 61 USPQ2d 1430 
(Fed. Cir. 2002). Applicants, therefore, submit that the imposed rejection of claims 1 through 4 and 
6 through 8 under 35 U.S.C. § 103 for obviousness predicated upon Fujikura is not viable and, 
hence, solicit withdrawal thereof. 

Based on the foregoing it should be apparent that the imposed rejections have been 
overcome and that all pending claims are in condition for immediate allowance. Favorable 
consideration is, therefore solicited. 

To the extent necessary, a petition for an extension of time under 37 C.F.R. 1.136 is hereby 
made. Please charge any shortage in fees due in connection with the filing of this paper, including 
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extension of time fees, to Deposit Account 500417 and please credit any excess fees to such deposit 
account. 

Respectfully submitted, 
McDERMOTT WILL & EMERY LLP 



ArahuT J. ajeiner x 
Registration No. 26,106 

600 1 3 th Street, N. W. Please recognize our Customer No. 20277 

Washington, DC 20005-3096 as our correspondence address. 

Phone: 202.756.8000 AJS:MWE:ntb/lrd 
Facsimile: 202.756.8087 
Date: December 13, 2004 
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TITLE OF THE INVENTION 

Method and Apparatus for Making Optical Fiber Preform 
RELATED APPLICATIONS 

This is a Continuation-In-Part application of US 
Patent Application serial No. 09/423, 050filed on November 
1, 1999 now pending. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a method and 
apparatus for making an optical fiber preform, which can 
precisely make a homogenous optical fiber preform. 
Related Background Art 

Performed as a method of making an optical fiber 
preform is one in which a starting member prepared by fusing 
a dummy rod to each of both end portions of a core preform 
comprising a core and a cladding is axially reciprocated 
relative to a burner for synthesizing fine particles of 
glass while being rotated about its axis, whereby the fine 
particles of glass synthesized by the burner for 
synthesizing fine particles of glass are sprayed and 
deposited onto the outer periphery of the starting member . 

A conf igurational example of the apparatus for 
carrying out the above-mentioned method is schematically 
shown in Fig. 7. In this apparatus, a burner 2 is secured 
to a muffle 1, and a starting member 3 is reciprocated 
in the vertical direction, which is its axial direction, 
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while being rotated, by an elevator device 4. A glass 
material such as SiCl 4 or the like and a burning gas are 
supplied to the burner 2 from a material supply device 
5, and fine particles of glass ( soot particles ) synthesized 
5 by the burner 2 are deposited onto the outer periphery 

of the starting member 3, whereby a deposited body of fine 
particles of glass (soot body) 6 is formed. 

In this method, the supply of glass material to the 
burner 2 is stopped at each time when the position of the 

10 burner 2 moving relative to the starting member 3 reaches 

the position of junction between the core preform and each 
dummy rod from the core preform position . Then, the burner 
2 is further relatively moved toward the dummy rod, so 
as to heat an end portion of the soot body, which is formed 

15 on the outer side of the junction and whose outside diameter 

is tapered down toward the outer side. Alternatively, 
auxiliary burners dedicated to heating the glass preform 
may be disposed on the upper and lower sides (in the axial 
direction of the glass preform) of the glass synthesizing 

20 burner to which the glass material is supplied, so that 

the relative moving directions of the burners to the 
starting member are reversed at the time when the glass 
synthesizing burner reaches the position of junction 
between the core preform and each dummy rod, thus allowing 

25 the auxiliary burners to heat the end portions of the soot 

body. 
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Though the foregoing explanations relate to the case 
where a single burner is used as the glass synthesizing 
burner, Japanese Patent Application Laid-Open No. Sho 
63-310745 discloses a technique using a plurality of glass 
5 synthesizing burners . This technique aims at eliminating 

the unevenness in soot body density at the soot body end 
portions caused by the interference of a plurality of 
burners when the relative moving directions of the soot 
body to the burners are reversed, so as to mass-produce 

10 a high-quality fiber preform without glass fractures by 

using the plurality of burners, without stopping the supply 
of glass materials even at the end portions of the soot 
body. In this technique, two marking points are set on 
the starting member beforehand, and the glass material 

15 supply to burners positioned outside both of the marking 

points is stopped, so as to yield effects similar to the 
above-mentioned case with a single burner. 
SUMMARY OF THE INVENTION 

Fig . 8 shows the form of thus formed soot body, i.e., 

20 optical fiber preform. Marking points (material supply 

stop points in the case of stopping the glass material 
supply to glass synthesizing burners, or relative movement 
direction reversing positions for glass synthesizing 
burners in the case using auxiliary burners) 11 and 12 

25 coincide with respective junctions 8 between the core 

preform 9 and dummy rods 10 of a starting member 3. In 
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the case where the outside diameter of the soot body is 
small, its outer periphery is formed as indicated by 
reference numeral 17, whereas the length of the constant 
outside diameter portion, which is the length of the 
effective portion of the soot body from which a consolidated 
body having a predetermined outside diameter is obtained 
when the soot body is made transparent, substantially 
approximates the whole length of the core preform 9 as 
indicated by ai in the drawing. As the outside diameter 
of the soot body increases, however, its outer periphery 
is formed as indicated by reference numeral 18, whereby 
the length of its constant outside diameter portion is 
shortened as indicated by a 2 in the drawing. 

It is due to the fact that, soot particles are not 
uniformly deposited in the axial direction near the 
material supply stop points, whereby inconstant portions 
in which the outside diameter of the formed soot body tapers 
down toward the end portions are formed. In these 
inconstant portions, unlike the constant portion, since 
the outer peripheral surface of the formed soot body is 
inclined with respect to burners, the amount of deposition 
of soot particles is smaller in the part having a smaller 
outside diameter than in the part having a larger outside 
diameter, and these inconstant portions expand as the soot 
particles are deposited. As a result, the end portions 
of the core preform would not be utilized effectively, 



which causes its cost to rise. 

For preventing the core preform from being wasted 
due to shortening of the length of the constant outside 
diameter portion as the outside diameter of the soot body 
increases, it will be enough if the above-mentioned marking 
points are set to positions sufficiently separated toward* 
the dummy rods from the junctions between the core preform 
and the respective dummy rods. This case, however, is 
not economical since the time for forming the soot body 
becomes longer, thus increasing the loss in glass material . 

If the target outside diameter of the soot body is 
always the same, it will be only necessary to determine 
eachmarking point once empirically and use thus determined 
marking point thereafter. However, there are 

fluctuations in the ratio between the outside diameter 
of the core pref orm and the core diameter and in the diameter 
of the elongated core preform, so that the target outside 
diameter of the soot body would differ among core preforms . 
Therefore, it has not been possible to use empirical 
material supply stop positions. 

In view of such circumstances of the prior art, it 
is an object of the present invention to provide a method 
and apparatus for making an optical fiber preform which 
can yielda soot body formed with a constant outside diameter 
portion having a uniform quality over the whole length 
of the core preform with a minimized loss in glass material . 



The inventors have diligently studied the 
relationship between the outside diameter of the soot body 
and the whole length of the constant outside diameter 
portion. Namely, with the marking points 11, 12 being 
made to coincide with the respective junctions 8 as shown 
in Fig. 8, soot bodies with various soot outside diameters 
were prepared, thus obtained soot bodies were heated in 
a high-temperature furnace so as to be made transparent, 
then characteristics of the fiber obtained as a result 
of fiber-forming in a drawing furnace were studied, and 
the boundary points between a part in the center portion 
where the characteristics were stable (the part 
corresponding to the cons.tant outside diameter portion 
in the soot body) and portions at both ends where 
characteristics were unstable (the portions corresponding 
to the inconstant outside diameter portions of the soot 
body) were investigated, so as to determine the distance 
between each end of the constant outside diameter portion 
and the respective marking points . Thus obtained results 
are summarized in Fig. 9 as a correlation diagram. 

As shown in Fig. 9, the distance increases as the 
outside diameter of the soot body is greater, and is 
substantially proportional to the square of outside 
diameter. Consequently, if each marking point is shifted 
beforehand toward the dummy rod from the junction by this 
distance, then the constant outside diameter portion and 
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the core preform will completely coincide with each other. 
The inventors have found from Fig. 9 that, letting the 
outside diameter of the soot body be d [mm] , the amount 
of shift is 0.0023 X d 2 [mm]. Also, the inventors have 
5 found that it is not always necessary for the boundaries 

between the constant outside diameter portion and the 
inconstant portions to coincide with both ends of the core 
preform, and that it is practically sufficient even if 
the amount of shift deviates by about ±35% from that in 

10 the case where they coincide with each other. Namely, 

the inventors have found that the length* of the constant 
outside diameter portion becomes a necessary and 
sufficient length when a glass material is supplied to 
a glass synthesizing burner so as to deposit soot particles 

15 while the glass synthesizing burner is located between 

the marking positions which as shifted by the amount of 
A X d 2 [mm] (where 0.0015 < A < 0.0030). That is, the 
material supply stop points can immediately be obtained 
if the target outside diameter of the soot body is determined 

20 according to a core preform, whereby the constant outside 

diameter portion can stably be formed over substantially 
the whole length of the core preform regardless of 
fluctuations in core preforms. 

The present invention is based on this finding, and 

25 provides a method of making an optical fiber preform 

comprising the steps of preparing a starting member by 
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fusing a dummy rod to each of both end portions of a core 
preform comprising a core and a cladding; and spraying 
and depositing fine particles of glass synthesized by glass 
synthesizing burner (s) onto the outer periphery of the 
5 starting member so as to form a soot body while axially 

reciprocating the starting member relative to one or a 
plurality of glass synthesizing burners while rotating 
the starting member about its axis; wherein a marking point 
is set at a position separated from a junction between 

10 the core preform and each dummy rod by A X d 2 [mm] (where 

0.0015 < A < 0.0030) toward the dummy rod, such that the 
reciprocating is effected by reversing the direction of 
a relative movement of the starting member and the one 
or a plurality of glass synthesizing burners at each time 

15 whenall of the glass synthesizing burners reach themarking 

point or beyond toward an end of the starting member, each 
of the glass synthesizing burners being constantly 
supplied with a glass material when located between the 
marking points. 

20 If a marking point is set at a position separated 

from the junction between the core preform and a dummy 

rod by 0.0015 X d 2 [mm] or less, then the constant outside 
diameter portion will become shorter than the whole length 
of the core preform, whereby an end portion of the core 
25 preform cannot be used effectively as an optical fiber 

preform. 
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If a marking point is set at a position separated 
from the junction between the core preform and a dummy 
rod by 0.0030 X d 2 [mm] or more, on the other hand, then 
the constant outside diameter portion will become longer 
than the whole length of the core preform, whereby the 
core preform as a whole can be used effectively as the 
optical fiber preform. Nevertheless, it is not preferable 
in that the constant outside diameter portion extends to 
a dummy rod portion, thereby wasting the glass material. 

When a soot body is formed with marking points being 
restricted to the above-mentioned range, substantially 
the whole core preform can effectively be utilized as the 
optical fiber preform without wasting the glass material. 
Similar effects can also be obtained when the reciprocating 
directions are reversed at the marking point portions while 
the glass material is kept being supplied to the glass 
synthesizing burners without being stopped at the marking 
point portions . 

On the other hand, the apparatus for making an optical 
fiber preform in accordance with the present invention 
comprises: (1) a holder member for holding at least one 
end of a starting member; (2) one or a plurality of glass 
synthesizing burners for spraying soot particles toward 
the starting member; (3) a material supply device for 
supplying a glass material to each of the glass synthesizing 
burners; (4) a moving device for axially reciprocating 
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the starting member relative to the glass synthesizing 
burner while axially rotating the starting member; (5) 
an input device for inputting a target outside diameter 
value d of a soot body to be formed or a characteristic 
5 value necessary for a calculation thereof; and ( 6) a control 

device for setting the above-mentioned marking point from 
the inputted target outside diameter value of the soot 
body or from the target outside diameter value of the soot 
body determined from the inputted characteristic value, 

10 controlling the moving device so as to reverse the relative 

movement direction of the moving device and effect axial 
reciprocating when all the glass synthesizing burners 
reach the marking points or the starting member end portion 
side thereof, and controlling the material supply device 

15 so as to constantly supply the glass material to each glass 

synthesizing burner when the latter is located between 
the marking points. 

Though the number of glass synthesizing burners 
employed can appropriately be determined depending on the 

20 dimensions of the aimed product and the like; when a 

plurality of such burners are used, the number thereof 
is preferably 3 or 4 in view of the form of the apparatus, 
efficiency thereof, and the like. Also, for maintaining 
a stable flame state, it is preferred that the supply of 

25 glass material to the glass synthesizing burner be 

gradually increased and gradually decreased over a time 
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of about several to 10 seconds without being stopped and 
resumed instantaneously. 

The present invention will be more fully understood 
from the detailed description given hereinbelow and the 
accompanying drawings, which are given by way of 
illustration only and are not to be considered as limiting 
the present invention. 

Further scope of applicability of the present 
invention will become apparent from the detailed 
description given hereinafter. However, it should be 
understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 
scope of the invention will be apparent to those skilled 
in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic view showing the basic 
configuration of an apparatus for making an optical fiber 
preform in accordance with the present invention; 

Fig. 2 is a schematic vertical sectional view of 
a starting member used for preparing an optical fiber 
preform in the apparatus of Fig. 1; 

Fig. 3 is a view schematically showing the state 
of a soot body being formed and the burner in the apparatus 
of Fig. 1; 
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Fig. 4 is a graph showing the supply flow rate of 
glass material to a burner with respect to the relative 
position of the burner to the starting member; 

Figs. 5 and 6 are views showing other burner 
5 configurations of the apparatus for making an optical fiber 

preform in accordance with the present invention, 
respectively; 

Fig. 7 is a view schematically showing the 
configuration of a conventional apparatus for making an 
10 optical fiber preform; 

Fig. 8 is a schematic view showing the structure 
of a soot body made of a conventional optical fiber preform; 
and 

Fig. 9 is a correlation diagram between the outside 
15 diameter of the soot body and the amount of deviation from 

both ends of the constant outside diameter portion to 
marking points in the case where marking point positions 
and junctions are made to coincide with each other. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 In the following, preferred embodiments of the 

present invention will be explained in detail with 
reference to the accompanying drawings. To facilitate 
the comprehension of the explanation, the same reference 
numerals denote the same parts, where possible, throughout 
25 the drawings, and a repeated explanation will be omitted. 

Fig. 1 is a schematic view showing the basic 
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configuration of an apparatus for making an optical fiber 
preform in accordance with the present invention. Fig. 
2 is a schematic vertical sectional view of a starting 
member 3 used for preparing an optical fiber preform in 
the apparatus of Fig. 1. 

The starting member 3 used for preparing the optical 
fiber preform is fabricated, as shown in Fig. 2, by fusing 
a dummy rod 10 to each of both ends of a core preform 9 
constituted by a core 9a and a cladding 9b. 

In the manufacturing apparatus 30, as shown in Fig. 
1, a holder member 7 for holding the starting member 3 
at a dummy rod portion 10 and a glass synthesizing burner 

2 for spraying soot particles onto the starting member 

3 are disposed within a muffle 1, whereas the starting 
member 3 is rotated about its center axis at the same time 
when the holder member 7 , while holding the starting member 
3, is reciprocated by an elevator device 4, which is a 
moving device, in the vertical direction of the drawing, 
i.e., in the axial direction of the starting member 3. 
A material supply device 5 is connected to the burner 2, 
whereas a pipe 23 for supplying a glass material such as 
SiCl 4 or the like and a pipe 24 for supplying a fuel gas 
for combustion are connected to the material supply device 
5. The reciprocation of the elevator device 4 and the 
supply of glass material and fuel gas are controlled by 
a control device 20. Connected to the control device 20 
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is an input device 21 for inputting control parameters. 

Next, the method of making an optical fiber preform 
in accordance with the present invention carried out by 
the apparatus 30 will be explained. After the starting 
5 member 3 is held within the muffle 1 by the holder member 

7 , parameters concerning the starting member 3 are inputted 
by the input device 21 . As a matter of course, the parameter 
input and the fixation of the starting member 3 can be 
effected in the reverse order thereto. These parameters 

10 include the ratio between the outside diameter of the core 

preform 9 and the core diameter, the diameter of the 
elongated core preform, and the like. Based on these 
parameters, the control device 20 calculates a target 
outside diameter d [mm] of a soot body to be formed. 

15 According to thus calculated target outside diameter d, 

the positions of marking points 11, 12 which act as a 
reference for the spraying area of soot particles are 
determined. The distance Aa from each junction 8 between 
the core preform 9 and the respective dummy rod 10 to the 

20 respective marking point 11, 12 is set to fall within the 

range of 0.0015d 2 < Aa < 0.0030d 2 . Separately therefrom, 
the control device 20 sets turning points 15, 16 which 
act as a reference for positions at which the moving 
direction of reciprocation of the elevator device 4 is 

25 reversed. The distance Ab from each junction 8 between 

the core preform 9 and the respective dummy rod 10 to the 
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respective turning point 15, 16 is Ab ^ Aa, here. The 
case where Ab is sufficiently greater than Aa will be 
explained in the following. 

The elevator device 4 is controlled such that the 
5 starting member 3 is reciprocated in the axial direction, 

i.e., in the vertical direction of the drawing, while being 
rotated about its axis. Here, in the case where the 
starting member 3 is moving downward, the moving direction 
of the elevator device 4 is reversed at the time when the 

10 turning point 15 located on the upper side in the drawing 

reaches the position of the burner 2, i.e., the same level 
as the burner 2, so as to be switched to the upward movement . 
Then, at the time when the turning point 16 located on 
the lower side in the drawing reaches the position of the 

15 burner 2, the moving direction of the elevator device 4 

is reversed so as to be switched to the downward movement. 
As these operations are repeated, the starting member 3 
can be reciprocated with respect to the burner 2 between 
the turning points 15, 16. In this state, a glass material 

20 gas and the burning gas are supplied to the burner 2, so 

as to synthesize soot particles, which are then sprayed 

■v. 

and deposited onto the outer periphery of the starting 
member 3. At this time, the glass materials are supplied 
to the burner 2 only when the latter is located between 
25 the marking points 11 and 12, so as to restrict the spraying 

area of soot particles. 
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This material supply control will be explained with 
reference to Figs. 3 and 4. Fig. 3 is a view schematically 
showing the state of the soot body 9 being formed and the 
burner 2, whereas Fig. 4 is a graph showing the supply 
flow rate of glass material to the burner 2 with respect 
to the relative position of the burner 2 to the starting 
member 3. At the time when the burner 2 (hereinafter , 
the position of the burner is represented by the position 
of its center) is located at the position indicated by 
A in Fig. 3, the glass material is not supplied thereto, 
and the burner 2 heats the soot body 9 formed on the starting 
member 3. For stabilizing the flame, as shown in Fig. 
4, the supply flow rate of glass material is gradually 
increased from the time when the burner 2 approaches the 
marking point 11 from the point 13, so that it reaches 
a predetermined supply flow rate x at the position of the 
marking point 11, and the soot particles are sprayed onto 
the surface of the soot body 9. With the supply flow rate 
of glass material being kept constant as it is, the spraying 
of soot particles is continued (while corresponding to 
the positions indicated by B, C, and D in Fig. 3), and 
the supply flow rate of glass material is gradually 
decreased from the time when the burner 2 has reached the 
position of the marking point 12. And the gas material 
supply stops when the burner 2 has reached the point 14. 
The burner 2 keeps heating the soot body 9 alone until 



it reaches the turning point 16 (while corresponding to 
the position indicated by E in Fig . 3) . As these operations 
are repeated, the soot body 9 is formed while being centered 
between the marking points 11 and 12 of the starting member . 

When the outside diameter of the soot body 9 has 
reached the predetermined outside diameter d, the supply 
of the fuel gas and glass material to the burner 2 is stopped, 
the operation of the elevator device 4 is stopped at the 
same time, and the starting member 3 is taken out from 
the holding member 7. Thus, the starting member 3 formed 
with the soot body 9 becomes an optical fiber preform. 

The constant outside diameter portion of thus formed 
soot body 9 substantially coincides with the whole length 
of the core preform 9. Since the inconstant outside 
diameter portions formed on both sides can be kept small, 
the whole core preform 9 can effectively be utilized, and 
the usage of glass material can be minimized. 

In the following, some of other embodiments of the 
apparatus for making an optical fiber preform in accordance 
with the present invention will be explained. Figs. 5. 
and 6 are conf igurational views showing burners in 
accordance with different embodiments, respectively. 
Configurations other than the burner 2 and material supply 
device 5 are omitted since they are identical to those 
in the embodiment of Fig. 1. 

In the above description we explained the embodiment 



having only one burner, but the embodiment may have multiple 
burners. When using multiple burners, gas supplying to 
each burner may be controlled as above manner. 

Though the embodiment shown in Fig. 1 has only one 
5 burner 2, auxiliary burners 2b lf 2b 2 are provided on the 

upper and lower sides of a glass synthesizing burner 2a, 
i.e., on the respective end portion sides as viewed from 
the starting member 3 in the embodiment shown in Fig. 5. 
The glass material supply pipe 23 is not connected to 

10 respective fuel supply devices 5bi, 5b 2 to the auxiliary 

burners 2bi, 2b 2 , whereby the auxiliary burners 2bi, 2b 2 
only heat the soot body without spraying soot particle. 
When making an optical fiber preform by this embodiment, 
with the turning points 15, 16 being made to coincide with 

15 the marking points 11, 12, respectively, the supply flow 

rate of glass material to the burner 2amay be kept constant. 

The embodiment shown in Fig. 6 differs from that 
shown in Fig. 1 in that a plurality of glass synthesizing 
burners 2i to 2 3 (three in the drawing) are provided instead 

20 of one. In the case where an optical fiber preform is 

to be made by this embodiment, the moving direction of 
the starting member 3 is reversed at the time when the 
lower marking point 12 of the upwardly moving starting 
member 3 reaches the position of the burner 2i, so as to 

25 be switched to the downward movement ; whereas, at the time 

when the upper marking point 11 reaches the position of 
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the burner 2 3 , the moving direction of the starting member 
3 is reversed so as to be switched to the upward movement. 
Repeating these operations yields effects similar to those 
of the embodiment of Fig, 1 with a single glass synthesizing 
5 burner. 

Though the foregoing explanations relate to 
embodiments in which the starting member 3 is reciprocated 
up and down, the burner 2 may be reciprocated in the axial 
direction of the startingmember 3 while the starting member 

10 3 is kept stationary. Also, both of them may be moved. 

The embodiment shown in Fig. 5 may also be configured such 
that, with each of the starting member 3 and the auxiliary 
burners 2bi, 2b 2 being fixed to the outside of the marking 
points, the glass synthesizing burner is moved alone. 

15 The inventors carried out comparative tests for 

confirming effects that the whole length of a core preform 
can effectively be utilized as an optical fiber preform 
by the apparatus and method in accordance with the present 
invention, and their results will be explained in the 

20 following. 

(Example 1) 

Dummy rods made of silica glass were fused to both 
sides of a core preform having a diameter of 20 mm and 
a length of 500 mm, so as to prepare a starting member, 
25 which was then set to the apparatus of the embodiment shown 

in Fig . 1 , whereby a soot body was prepared . The rotational 



19 



frequency of the starting member was set to 40 rpm, and 
the moving speed of its upward and downward movements was 
set to 100 mm/s. The target outside diameter d of the 
soot body obtained from the ratio between the outside 
diameter of the core preform and the core diameter and 
from the diameter of the elongated core preform was 150 
mm. As the burner 2, one with a concentric octuplex tube 
structure was used and was disposed perpendicular to the 
center axis of the starting member . As the glass material , 
SiCl 4 was used, and its supply flow rate was changed as 
shown in Fig . 4 . The supply flow rate x within the spraying 
area was set to 3 slm (standard liters/min) . On the other 
hand, 60 slm of hydrogen and 45 slm of oxygen for forming 
a flame and 4 slm of argon as a seal gas were constantly 
supplied . 

The marking points 11, 12 were set at positions where 
Aa = 52 mm 0.0023 X d 2 ) . Also, the turning points 15, 
16 were set at positions where (Ab - Aa) = 200 mm. 

The forming of the soot body was terminated at the 
time when it reached the target outside diameter d (= 150 
mm) , and the soot body was taken out from the apparatus 
and then was heated in a high-temperature furnace so as 
to become transparent, thus yielding a consolidated body 
having an outside diameter of 82 mm. Cracks, protrusions, 
foreign matters, and the like were not seen on the surface 
and in the inside of thus obtained consolidated body, 



whereby its good quality was confirmed. Further, this 
consolidated body was formed into a fiber with an drawing 
furnace, and fiber characteristics of thus obtained fiber 
such as cutoff wavelength, MFD (mode-field diameter) and 
the like were investigated, whereby it was confirmed that 
the fiber had favorable characteristics over the whole 
length of the core preform. 
(Example 2) 

Using a starting member having conditions identical 
to those of Example 1, the apparatus of the embodiment 
with the burners shown in Fig. 5 was employed to form a 
soot body. The glass synthesizing burner 2a had the 
structure and gas supply conditions identical to those 
of the burner used in Example 1, and the distance from 
the glass synthesizing burner 2a to each of the auxiliary 
burners 2bi, 2b 2 with a concentric duplex tube structure 
in the axial direction of the starting member 3 was set 
to 200 mm. For forming a flame, 10 slm of oxygen and 30 
slm of hydrogen were constantly supplied to each of the 
auxiliary burners 2bi, 2b 2 . The marking points 11, 12 were 
set to positions where Aa = 52 ram (= 0.0023 X d 2 ) as with 
Example 1, whereas the turning points 15, 16 were made 
to coincide with the marking points 11, 12. Namely, the 
glass material was continuously supplied to the glass 
synthesizing burner 2a. The other conditions were 
identical to those in Example 1. 
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The forming of the soot body was terminated at the 
time when it reached the target outside diameter d (= 150 
mm) , and the soot body was taken out from the apparatus 
and then was heated in a high-temperature furnace so as 
5 to become transparent, whereby a favorable consolidated 

body was obtained as in Example 1. Further, this 
consolidated body was formed into a fiber with a drawing 
furnace, and fiber characteristics of thus obtained fiber 
were investigated, whereby it was confirmed that the fiber 
10 had favorable characteristics over the whole length of 

the core preform. 
(Example 3) 

Dummy rods made of silica glass were fused to both 
sides of a core preform having a diameter of 30 mm and 

15 a length of 500 mm, so as to prepare a starting member, 

which was then set to the apparatus having the burner 
configuration shown in Fig. 6, whereby a soot body was 
prepared . The rotational frequency of the starting member 
and its upward and downward moving speed were identical 

20 to those in Example 1. The target outside diameter d of 

the soot body obtained from the ratio between the outside 
diameter of the core preform and the core diameter and 
from the diameter of the elongated core was 220 mm. As 
the burners 2i to 2 3 , those of a concentric octuplex tube 

25 structure were used and disposed perpendicular to the 

center axis of the starting member at intervals of 200 
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mm. As the glass material, SiCl4 was used, and its supply 
flow rate was changed as shown in Fig. 4. The supply flow 
rate x within the spraying area was set to 3 slm (standard 
liters/min) . On the other hand, 100 slm of hydrogen and 
60 slm of oxygen for forming a flame and 4 slm of argon 
as a seal gas were constantly supplied. 

The marking points 11, 12 were set at positions where 
Aa = 111 mm (= 0.0023 X d 2 ) . Also, the turning points 
15, 16 were set at positions where (Ab - Aa) = 511 mm. 
Namely, at the time when the burner positioned closest 
to the center of the starting member among the three burners 
reached each marking point position, a reversal was 
effected . 

The forming of the soot body was terminated at the 
time when it reached the target outside diameter d (= 220 
mm) , and the soot body was taken out from the apparatus 
and then was heated in a high-temperature furnace so as 
to become transparent, whereby a favorable consolidated 
body having an outside diameter of 115 mm was obtained. 
Further, this consolidated body was formed into a fiber 
with an drawing furnace, and fiber characteristics of thus 
obtained fiber were investigated, whereby it was confirmed 
that the fiber had favorable characteristics over the whole 
length of the core preform. 

(Comparative Example 1) 

A soot body having an outside diameter of 150 mm 
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was prepared under the totally identical conditions with 
Example 1 except that the positions of marking points 11, 
12 were set to their respective junctions 8 (Aa = 0 mm) . 
Thus obtained soot body was heated in a high-temperature 
5 furnace so as to become transparent, whereby a favorable 

consolidated body having an outside diameter of 81 mm was 
obtained. This consolidated body was formed into a fiber 
with an drawing furnace, and fiber characteristics of thus 
obtained fiber were investigated, whereby it was found 

10 that fiber characteristics such as cutoff wavelength, MFD, 

and the like deviated from their target values within the 
areas extending 49 mm and 48 mm from the respective end 
sides of the core preform, with the characteristics 
deteriorating more toward both ends. 

15 (Comparative Example 2) 

A soot body having an outside diameter of 220 mm 
was prepared under the totally identical conditions with 
Example 3 except that the marking points 11, 12 were set 
to positions where Aa = 50 mm (=0.0010 X d 2 ) . Identically, 

20 a reversal was effected at the time when the burner 

positioned closest to the center of the starting member 
among the three burners reached each marking point position. 
Thus obtained soot body was heated in a high-temperature 
furnace so as to become transparent, whereby a favorable 

25 consolidated body having an outside diameter of 116 mm 

was obtained. This consolidated body was formed into a 
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fiber with an drawing furnace, and fiber characteristics 
of thus obtained fiber were investigated, whereby it was 
found that fiber characteristics such as cutoff wavelength, 
MFD, and the like deviated from their target values within 
5 the areas extending 48 min each from both end sides of the 

core preform, with the characteristics deteriorating more 
toward both ends . 

From these results, it has been confirmed that the 
method of making an optical fiber preform in accordance 

10 with the present invention has effects that an optical 

fiber preform for producing a fiber which yields favorable 
fiber characteristics substantially over the whole length 
of a core preform can be obtained. 

From the invention thus described, it will be obvious 

15 that the invention' may be varied in many ways. Such 

variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended for inclusion within the scope of the 

20 following claims. 
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WHAT IS CLAIMED IS: 

1. A method of making an optical fiber preform 
comprising the steps of: 

preparing a starting member by fusing a dummy rod 
5 to each of both end portions of a core preform comprising 

a core and a cladding; and 

spraying and depositing fine particles of glass 
synthesized by glass synthesizing burner (s) onto the outer 
periphery of said starting member so as to form a soot 
10 body while axially reciprocating said starting member 

relative to one or a plurality of glass synthesizing burners 
while rotating said starting member about its axis; 

wherein amarking point is set at a position separated 
from a junction between said core preform and each dummy 
15 rod by A X (a target outside diameter of the soot body 

[mm]) 2 [mm] (where 0.0015 < A < 0.0030) toward the dummy 
rod, such that said reciprocating is effected by reversing 
the direction of a relative movement of said starting member 
and said one or a plurality of glass synthesizing burners 
20 at each time when all of said glass synthesizing burners 

reach said marking point or beyond toward an end of said 
starting member, each said glass synthesizing burners are 
constantly supplied when located between said marking 
points . 

25 2. A method of making an optical fiber preform 

according to claim 1, wherein said reciprocating is 
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effected by reversing the direction of said relative 
movement at each time when the burner positioned closest 
to a center of said starting member among said glass 
synthesizing burners reaches said marking point position. 

3. A method of making an optical fiber preform 
according to claim 1, wherein a fuel gas supply to said 
glass synthesizing burners positioned on said starting 
member end portion side of said marking point are continued 
so as to heat an end portion of the soot body formed, 

4. A method of making an optical fiber preform 
according to claim 1, wherein an end portion of the formed 
soot body is heated by auxiliary burners disposed on said 
starting member end portion side of said marking point. 

5. An apparatus for making an optical fiber 
preform, in which a starting member prepared by fusing 
a dummy rod to each of both end portions of a core preform 
comprising a core and a cladding is axially reciprocated 
relative to one or a plurality of disposed glass 
synthesizing burners while the starting member is being 
rotated about its axis; and fine particles of glass 
synthesized by the glass synthesizing burners are sprayed 
and deposited onto the outer periphery of the starting 
member so as to form a soot body; 

said apparatus comprising: 

a holder member for holding at least one end of said 
starting member;* 



one or a plurality of glass synthesizing burners 
for spraying soot particles toward said starting member; 

a material supply device for supplying a glass 
material to each of said glass synthesizing burners; 

a moving device for axially reciprocating said 
starting member relative to said glass synthesizing 
burners while axially rotating said starting member; 

an input device for inputting a target outside 
diameter value d [mm] of the soot body to be formed or 
a characteristic value necessary for a calculation 
thereof; and 

a control device for setting a marking point at a 
position separated from a junction between said core 
preform and each dummy rod by A X d 2 [mm] (where 0.0015 
< A < 0.0030) toward the dummy rod based on the inputted 
target outside diameter value of the soot body or from 
the target outside diameter value of the soot body 
determined from the inputted characteristic value, 
controlling said moving device so as to reverse the 
direction of a relative movement of said moving device 
and effect said axial reciprocating at each time when all 
of said glass synthesizing burners reach saidmarking point 
or beyond toward an end of said starting member, and 
controlling saidmaterial supply device so as to constantly 
supply the glass material to each of said glass synthesizing 
burners when said glass synthesizing burners are located 
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between the marking points . 
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ABSTRACT OF THE DISCLOSURE 

A method of making an optical fiber preform in which 
a starting member prepared by fusing dummy rods to both 
end portions of a core preform is axially reciprocated 
5 relative to a glass synthesizing burner while being rotated 

about its axis, so that fine particles of glass synthesized 
by the burner are sprayed and deposited onto the outer 
periphery of the starting member, whereby a soot body is 
formed. At this time, marking points are set at positions 

10 separated from junctions between a core preform and the 

dummy rods toward the respective dummy rods by a 
predetermined distance, the relative reciprocating is 
effected by reversing the relative movement direction at 
the time when the burner reaches turning points located 

15 closer to the respective end portions than are the marking 

points, and a glass material is constantly supplied to 
the burner from a material supply device when the burner 
is located between the marking points. 
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